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The Bs → μ+μ− mode has ﬁnally been observed, albeit at rate 1.2σ below Standard Model (SM) value, 
while the rarer B0d → μ+μ− decay has central value close to 4 times SM expectation but with only 2.2σ
signiﬁcance. The measurement of CP violating phase φs has ﬁnally reached SM sensitivity. Concurrent 
with improved measurements at LHC Run 2, KL → π0νν¯ and K+ → π+νν¯ decays are being pursued in 
a similar time frame. We ﬁnd, whether B0d → μ+μ− is enhanced or not, KL → π0νν¯ can be enhanced 
up to the Grossman–Nir bound in the fourth generation model, correlated with some suppression of 
Bs → μ+μ−, and with φs remaining small.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
The 7-and-8 TeV run (Run 1) of the LHC has been a great suc-
cess, but no New Physics (NP) has emerged. The hint of NP in the 
forward–backward asymmetry of B → K ∗+− decay [1] from the 
B factories was eliminated by LHCb [2] early on. The mild hint 
at the Tevatron [3,4] for large CP violating (CPV) phase φs in B0s
mixing was also swiftly eliminated by LHCb [5,6], vanquishing the 
suggested possible correlation [7] with large direct CPV difference 
AKπ ≡ A(B+ → K+π0) −A(B0 → K+π−) [8]. Finally, the hot 
pursuit for B0s → μ+μ− at the Tevatron culminated in the re-
cent observation by the LHCb [9] and CMS [10] experiments, albeit 
again consistent with the Standard Model (SM).
The combined LHC result for B0q → μ+μ− is [11],
B(B0s → μ+μ−) = (2.8+0.7−0.6) × 10−9, (1)
B(B0d → μ+μ−) = (3.9+1.6−1.4) × 10−10. (2)
At 6.2σ , the B0s → μ+μ− mode is established, but SM expectation 
is 7.6σ . The B0d → μ+μ− mode deviates from SM expectation of 
(1.06 ±0.09) ×10−10 [12] by 2.2σ , with central value more than 3
times the SM value. Thus, B0d → μ+μ− should be keenly followed 
at the up and coming LHC Run 2 (13 and 14 TeV).
The 1 fb−1 LHCb update for φs [13] is:
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SCOAP3.φs = 0.01± 0.07± 0.01 (1 fb−1, LHCb), (3)
which combines two results opposite in sign,
φs = 0.07± 0.09± 0.01 (1 fb−1 J/ψK K¯ , LHCb), (4)
φs = −0.14+0.17−0.16 ± 0.01 (1 fb−1 J/ψ ππ, LHCb). (5)
Eq. (3) dominates the Heavy Flavor Averaging Group (HFAG) com-
bination [14] of all experiments,
φs = 0.00± 0.07 (PDG2014), (6)
adopted by the Particle Data Group (PDG) [15], and is in good 
agreement with SM value of φs  −0.04. A preliminary result [16]
of CMS,
φs = −0.03± 0.11± 0.03 (20 fb−1, CMS), (7)
is not included in PDG2014, but is fully consistent.
Also not making PDG2014 is the 3 fb−1 update by LHCb for 
B0s → J/ψ π+π− with full Run 1 data [17],
φs = 0.070± 0.068± 0.008 (3 fb−1 J/ψ ππ, LHCb), (8)
with sign change from Eq. (5), becoming same sign with Eq. (4). 
Because the analysis is done simultaneously with 	s measure-
ment, the B0s → J/ψ K K¯ mode took much longer. Intriguingly, it 
also switched sign [18],
φs = −0.058± 0.049± 0.006 (3 fb−1 J/ψ φ, LHCb), (9)
and the combined 3 fb−1 result is, under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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with no indication of New Physics.
A third measurement of interest by LHCb is the so-called P ′5
anomaly. The signiﬁcance (3.7σ ), however, did not change from 
1 fb−1 [19] to 3 fb−1 [20]. Given that this is one out of many an-
gular variables in B0 → K ∗0μ+μ− , it remains to be seen whether 
the “anomaly” is genuine. Unfortunately, it will take several years 
to accumulate and analyze an equivalent amount of data at Run 2. 
We note in passing the so-called RK anomaly [21] in lepton univer-
sality violation in B+ → K++− decays, which has 2.6σ deviation 
from SM expectation. It may or may not be related to the P ′5
anomaly.
What are the prospects for Run 2? A total of 8 fb−1 or more 
data is expected by LHCb up to 2018. Data rate is much higher 
for CMS, but trigger bandwidth is an issue. The Belle II experi-
ment should be completed in this time frame in Japan. Though 
not particularly competitive in φs and B0q → μ+μ− , it could cross-
check P ′5. Given that the two former measurables correspond to 
b ↔ s and b → d transitions, one involving CPV, the other not, 
there is one particular process that comes to mind: K → πνν¯
decays, which are s → d transitions. The neutral K 0L → π0νν de-
cay, pursued by the KOTO experiment [22] in Japan, is purely CPV. 
The charged K+ → π+νν mode is pursued by the NA62 experi-
ment [23] at CERN. Both experiments run within a similar time 
frame. If one has indications for NP in B0q → μ+μ− and/or φs , 
likely one would ﬁnd NP in K → πνν¯ , and vice versa. An element 
of competition between high- and low-energy luminosity frontiers 
would be quite interesting.
In this Letter we study the correlations between the measur-
ables B0d → μ+μ− , B0s → μ+μ− , φs , and K → πνν¯ (especially 
K 0L → π0νν), in the 4th generation (4G) model, which cannot 
address P ′5/RK anomalies. It was pointed out quite some time 
ago [24] that 4G can bring about an enhanced K 0L → π0νν , and 
now that KOTO is running, one should check whether it remains 
true. Although some may now ﬁnd 4G extreme, our aim is towards 
enhanced B0d → μ+μ− rate by a factor of three and still survive all 
ﬂavor constraints. The issue with 4G is the observation of a light 
Higgs boson, without the anticipated factor of 9 enhancement in 
cross section. On one hand it has been argued [25] that there still 
exists another interpretation of this 125 GeV boson, that is to iden-
tify it as dilaton from a 4G theory with strong Yukawa interaction. 
On the other hand, Higgs boson practically does not enter (i.e. is 
“orthogonal” to) low energy ﬂavor changing processes, and, if one 
discovers an enhanced B0d → μ+μ− decay [26], it may put some 
doubt on the Higgs nature of the observed 125 GeV particle. In 
our view the issue, different interpretation of this boson, is still 
opens and would be settled by 2018. Our 4G study serves to illus-
trate how New Physics in B0q → μ+μ− , φs , and K → πνν¯ might 
be accommodated.
In what follows, we give the formulas and data inputs, then our 
numerical results and end with some discussions.
2. Formulas and data input
We deﬁne the parameters xq = m2q/M2W , λdsq ≡ VqdV ∗qs (q =
u, c, t, t′), with
V ∗t′dVt′s ≡ (λdst′ )∗ ≡ rdseiφds . (11)
We adopt the parametrization of Ref. [27] for the 4 × 4 CKM ma-
trix, with convention and treatment of Ref. [24]. In particular, we 
assume SM-like values for s12, s23, s13 and φub  γ /φ3, with fol-
lowing input: |Vus| = 0.2252 ± 0.0009, |Vcb| = 0.0409 ± 0.0011, 
|V aveub | = (4.15 ± 0.49) × 10−3, γ /φ3 = (68+10−11)◦ . This is a simpli-
ﬁcation, since we try to observe trends, rather than making a full Fig. 1. Update of Fig. 3(a) of Ref. [26], taking |V aveub | and mt′ = 1000 GeV. The 
pink-shaded contours correspond to 1(2)σ regions of mBd allowed by f Bd =
(190.5 ± 4.2) MeV while the green-shaded bands are for 1(2)σ in sin2β/φ1 =
0.682 ± 0.019 [14]. Solid-blue lines are labeled 1010B(Bd → μ+μ−) contours, with 
upper bound of 7.4 [9] applied. Marked points S1, S2, S2′ are explained in text. (For 
interpretation of the references to color in this ﬁgure, the reader is referred to the 
web version of this article.)
ﬁt. We ﬁnd taking the “exclusive” measurement value for |Vub| al-
lows less enhancement range for KL → π0νν¯ .
Having a 4th generation of quarks brings in three new angles 
and two new phases. In this paper, we take
mt′ = 1000 GeV, s34 mW /mt′  0.08, (12)
for sake of illustration, thereby ﬁxing one of the angles. A second 
angle and one of the two phases are ﬁxed by the discussion illus-
trated below. We are then left with two mixing parameters, and 
for our interest in K → πνν¯ decays, we take as rds and φds in 
Eq. (11). Our choice [28] of mt′ = 1000 GeV is above the exper-
imental bound [15], which is beyond the nominal [29] unitarity 
bound. Even with vector-like 4G quarks, the experimental bound 
has reached beyond 700 GeV [15]. We adhere to sequential 4G to 
reduce the number of parameters.
We have suggested [26] that an enhanced Bd → μ+μ− could 
indicate the presence of 4G, while suppression of Bs → μ+μ−
could also be accommodated [30]. These are supported by cur-
rent data [11], but more data is clearly needed. In Fig. 1, we 
update Fig. 3(a) of Ref. [26] on the rdb–φdb plane, where V ∗t′dVt′b ≡
rdbeiφdb . We use the FLAG [31] average of N f = 2 + 1 lattice re-
sults f Bd = (190.5 ± 4.2) MeV, f Bd Bˆ1/2Bd = (216 ± 15) MeV. We no 
longer take the ratio with mBd for Bd → μ+μ− branching ratios, 
but update the constraints: sin2β/φ1 = 0.682 ± 0.019 (HFAG Win-
ter 2014 [14]), B(Bd → μ+μ−) < 7.4 × 10−10 (95% CL limit of 
LHCb [9]). The latter is softer than the recent CMS and LHCb com-
bination of Eq. (2).
From Fig. 1, we shall consider two scenarios
rdbe
iφdb = 0.00040ei 330◦ , 0.00045ei 260◦ , (13)
marked as S1, S2 in Fig. 1, to illustrate
B(Bd → μ+μ−) ∼ 3× 10−10, 1× 10−10, (14)
where we stay within 1σ boundaries of both mBd (uncertainty 
in f Bd ) and sin2β/φ1. Bd → μ+μ− is SM-like for S2, but carries a 
near maximal 4G CPV phase φdb . The point S2
′ will be discussed 
towards the end.
For b → s observables, we update both formulas and input 
parameters of Ref. [32]. For the CPV phase φs ≡ 2Bs in Bs–B¯s
mixing, we use [33] 2Bs = args12 with s12 = (λbst )2S0(xt) +
2λbst λ
bs
t′ S0(xt , xt′ ) + (λbst′ )2S0(xt′ ), where λbsq ≡ V ∗qsVqb (q = t, t′). We 
adopt the φs value of Eq. (10) and impose 1(2)σ constraints.
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sults should be compared with the 	s-corrected [34] branching 
ratio denoted with a bar,
B¯(Bs → μ+μ−) = 1− y
2
s
1+Aμμ	 ys
B(Bs → μ+μ−), (15)
where ys = 	s/2	s = 0.069 ±0.006 [15], Aμμ	 = cos[2 arg(C10) −
2Bs ], and [33]
B(Bs → μ+μ−) = τBs
G2F
π
(
α
4π sin2 θW
)2
f 2Bsm
2
μmBs
×
√
1− 4m2μ/m2Bs η2eff
∣∣∣λbst Y0(xt) + λbst′ Y0(xt′)
∣∣∣2 . (16)
We use ηeff = 0.9882 ± 0.0024 which is at NNLO for QCD and NLO 
for electroweak corrections [35], and we use the FLAG [31] average 
of N f = 2 +1 lattice results f Bs = (227.7 ±4.5) MeV and f Bs Bˆ1/2Bs =
(266 ± 18) MeV, where the latter enters Bs-mixing. We use Eq. (1)
and impose 1(2)σ experimental constraints, which is much larger 
than the hadronic uncertainty.
We ﬁnd that mBs does not give further constraints in the pa-
rameter space of our interest, within hadronic uncertainty of f Bs . 
The ratio mBs/mBd has reduced hadronic uncertainty, as can be 
read from ξ ≡ f Bs Bˆ1/2Bs / f Bd Bˆ
1/2
Bd
= 1.268 ± 0.063 [31], hence pro-
vides stronger constraint than individual mBs or mBd .
For K+ → π+νν¯ and KL → π0νν¯ , we use the formulas of 
Ref. [24] and update input parameters: mt(mt) = 163 GeV [36], 
κ+ = (5.173 ± 0.025) × 10−11 × (|Vus|/0.225)8 and κL = (2.231 ±
0.013) ×10−10 × (|Vus|/0.225)8 [37], and Pc(X) = 0.41 ±0.05 [38]. 
We impose B(K+ → π+νν¯)exp < 3.35 × 10−10 (90% C.L. from 
E949 [39]), implying the Grossman–Nir (GN) bound [40]
B(KL → π0νν¯) < κL
κ+
B(K+ → π+νν¯)
 1.4× 10−9, (17)
which is stronger than the direct limit by E391a [41].
For Short-Distance (SD) contribution to KL → μ+μ− ,
B(KL → μ+μ−)SD = κμ|Vus|−10
[
Reλdsc |Vus|4Pc(Y )
+Reλdst ηY Y0(xt) + Reλdst′ ηY Y0(xt′)
]2
, (18)
we use κμ = (2.009 ± 0.017) × 10−9 × (|Vus|/0.225)8, Pc(Y ) =
(0.115 ± 0.018) × (0.225/|Vus|)4 [42], and Y0(x) as given in 
Ref. [33]. With the common QCD correction factor ηY = 1.012, we 
adopt the estimate [43] B(KL → μ+μ−)SD ≤ 2.5 × 10−9 as upper 
bound.
For K → ππ indirect CP violation, we use [33].
εK = κεe
iϕε
√
2(mK )exp
Im(MK12), (19)
(MK12)
∗ =G
2
F M
2
W
12π2
mK f
2
K Bˆ K
[
(λdsc )
2ηcc S0(xc)
+ (λdst )2ηtt S0(xt) + 2λdsc λdst ηct S0(xc, xt)
+ (λdst′ )2ηt′t′ S0(xt′) + 2λdsc λdst′ ηct′ S0(xc, xt′)
+ 2λdst λdst′ ηtt′ S0(xt , xt′)
]
, (20)
where (mK )exp = (5.293 ± 0.009) × 109 s−1 [15], ϕε = (43.52 ±
0.05)◦ [15] and κε = 0.94 ± 0.02 [44]. We use ηcc = 1.87 ±
0.76 [45], ηtt = 0.5765 ± 0.0065 [46,47], ηct = 0.496 ± 0.047 [47]
and approximate ηtt = ηtt′ = ηt′t′ , ηct = ηct′ . Theoretical uncer-
tainty is around 11% [48], far larger than experimental error [15]: |εK | = (2.228 ± 0.011) × 10−3 and Re(εK ) > 0. We thus impose εK
to be within ±11% from data.
Direct CP violation in K → ππ is affected even more by 
hadronic uncertainties. We use [24]
ε′
ε
= a
[
Im(λdsc )P0 + Im(λdst )F (xt) + Im(λdst′ )F (xt′)
]
,
where a = 0.92 ± 0.03 [49] is a correction from I = 5/2 transi-
tions [50]. The function F (x), which relies on hadronic parameters 
R6 and R8,1 is deﬁned as F (x) = P X X0(x) + PY Y0(x) + P Z Z0(x) +
P E E0(x) with Pi = r(0)i + r(6)i R6 + r(8)i R8 (i = 0, X, Y , Z , E). We also 
update numerical values for the coeﬃcients r(0)i , r
(6)
i and r
(8)
i , for 
αs(MZ ) = 0.1185 [15] given in Table 1 of Ref. [49], by reversing 
the sign of r( j)0 as done in Ref. [24]. We take R8 = 0.7 from lat-
tice [51], with the translation by Ref. [49]. There is still no reliable 
result from lattice QCD for R6, so we treat [24,52] it as a parame-
ter. That is, for each value of R6 = 1.0, 1.5, 2.0, 2.5, we require ε′/ε
to agree within 1σ experimental error [15],
ε′
ε
 Re
(
ε′
ε
)
= (1.66± 0.23) × 10−3. (21)
Comments on other potentially important observables are in or-
der. In contrast to mBd,s , mK is polluted by Long-Distance (LD) 
effects. We have checked that there is no signiﬁcant change of 
the SD part from the SM value and (mK )SD is still below the 
measured value. D0–D¯0 mixing is also subject to LD effects. We 
checked that the SD contribution to the mixing amplitude MD12
from b′ (with mb′ ∼mt′ ) could be enhanced up to 3 times the SM 
value in the parameter space of our interest, but it is still well be-
low the measured value of mD .
B → K (∗)μ+μ− observables are subject to precise measure-
ments at the LHC and severely constrain NP effects. We checked 
that the 4G t′ effects on C9 is within 5% of the SM value (∼ 4.3) 
in our parameter space. The 4G effects on C10 can be as large as 
unity in some part of the target parameter space. However, adopt-
ing the model independent constraint in Ref. [53], we checked that 
the changes are within 2σ for various modes. It cannot explain P ′5, 
nor RK , anomalies.
3. Results
To illustrate the connection between Bd → μ+μ− and KL →
π0νν¯ , we explore two scenarios (see Fig. 1):
• Scenario S1: rdbeiφdb = 0.00040 ei 330◦ B(Bd → μ+μ−)  3 ×
SM, with eiφdb complex;
• Scenario S2: rdbeiφdb = 0.00045 ei 260◦ B(Bd → μ+μ−) ∼ SM, 
φdb is near maximal CPV.
With formulas and data input given in Section 2, we plot in 
Fig. 2 [left] the region in the |V ∗t′dVt′s|–arg(V ∗t′dVt′s) or rds–φds
plane allowed by various constraints for S1. The golden-hued (very) 
light shaded regions are for 1(2)σ of the Bs → μ+μ− mode. 
Other constraints, labeled by the process, cut in at certain regions: 
B(KL → μμ)SD at the upper-left corner, and just right of center; 
φs = −0.049(−0.088) at 1(2)σ cuts off near center of right-hand 
side, and a tiny sliver in ﬁrst quadrant. The remaining 1σ contours 
for Bs → μ+μ− correspond to 3.5 × 10−9 (central-left region) and 
2.2 × 10−9 (4th quadrant extending into 1st quadrant) in rate, and 
1 Furthermore, the relations between hadronic parameters R6,8 and bag pa-
rameters B(1/2)6 and B
(3/2)
8 which are calculated in Lattice QCD, are R6 =
1.13B(1/2)6
[
114MeV
m (m )+m (m )
]2
and R8 = 1.13B(3/2)8
[
114MeV
m (m )+m (m )
]2
, see [49].s c d c s c d c
W.-S. Hou et al. / Physics Letters B 751 (2015) 458–463 461Fig. 2. [Left] Allowed region in |V ∗t′dVt′s|–arg(V ∗t′dVt′ s) (i.e. rds–φds) plane for Scenario S1, rdb eiφdb = 0.0004 ei330
◦
(enhanced Bd → μ+μ−) and φs = −0.010 ±0.039 (Eq. (10)), 
where the constraint source for each boundary is indicated. The leading constraint is Bs → μ+μ− , where 1(2)σ region — towards larger (smaller) BR in central region 
(4th-extending-to-1st quadrants) — is (very) light shaded, separated by dashed lines, except: KL → μ+μ− cuts off at upper left, as well as center-right, indicated by 
light-blue solid lines; 1(2)σ allowed φs cuts off the 1(2)σ allowed Bs → μ+μ− in right-center, plus a sliver in 1st quadrant. [Right] The allowed region is further overlaid 
with εK (blue-shaded), ε′/ε (narrow green bands corresponding to R6 in increasing order from 1.0, 1.5, 2.0, 2.5) and B(KL → π0νν), labeled in 10−10 units. The illustration 
is for mt′ = 1000 GeV (Eq. (11)). (For interpretation of the references to color in this ﬁgure, the reader is referred to the web version of this article.)for 2σ contours, 4.3 × 10−9 [11] from 1st to 2nd quadrant and 
1.6 × 10−9 in 4th quadrant only. We ﬁnd that R = mBd/mBs
does not provide further constraint within 2σ .
The allowed region of Fig. 2 [left] is further overlaid, in Fig. 2
[right], by the constraints of εK , ε′/ε, and give KL → π0νν con-
tours in red-solid, labeled by BR values in 10−10 units. Note that 
“15” is just above the nominal GN bound of Eq. (17), while the re-
gion  SM strength is marked by red-dash lines with label “SM”. 
The εK constraint, plotted in shaded blue with theoretical error 
(experimental error negligible), prefers small |V ∗t′dVt′s| values, ex-
cept two “chimneys” where the phase of V ∗t′dVt′s is small for one 
near 180◦ , and the other is tilted in the fourth quadrant. The 
ε′/ε constraint is more subtle, because of the less known [52]
hadronic parameter R6 (we ﬁx R8  0.7 [51]). We illustrate [24]
with R6 = 1.0, 1.5, 2.0, 2.5, in ascending order of green bands 
determined by experimental error of ε′/ε.
First, we observe that the εK and ε′/ε constraints disfavor the 
possible enhancements for KL → π0νν when arg(V ∗t′dVt′s) is in 
the ﬁrst two quadrants. Second, if one keeps all constraints to 1σ , 
then KL → π0νν could reach a factor ∼ 7 above SM, with modest 
R6 values. However, if one allows larger R6 (up to 2.5) as well 
as 2σ variations, the εK “chimney” in the 4th quadrant allows 
KL → π0νν to be enhanced up to 1/3, even 1/2, the GN bound. 
There is a correlation between larger KL → π0νν and smaller 
Bs → μμ. If KOTO observes KL → π0νν shortly after reaching be-
low the GN bound, a rather large R6 value could be implied. One 
argument for larger KL → π0νν or smaller Bs → μμ is for larger 
values of |V ∗t′dVt′s|: since |Vt′d| ∼ 0.005, to have |Vt′s| > |Vt′d|
would demand |V ∗t′dVt′s|  0.25 × 10−4.
We see the prowess, still, of the various kaon measurements, 
with KL → π0νν as the main frontier (K+ → π+νν¯ did not enter 
discussion), on a par with the ongoing Bd, s → μμ and φs mea-
surement efforts.
For Scenario S2, where Bd → μμ is taken as consistent with 
SM, but φdb ≡ arg(V ∗t′dVt′b)  260◦ is close to maximal CPV phase 
(in our convention, Vt′b is real) with KL → π0νν¯ in mind, we 
plot in Fig. 3 [left] the results corresponding to Fig. 2 [left]. The 
regions marked by long dashed lines and very lightly shaded 
are all beyond 1σ level, indicating more tension, including in 
R = mBd/mBs . The Bs → μμ constraint at 2σ is interspersed 
with the B(KL → μμ)SD constraint, plus short segments from 
K+ → π+νν . As in Fig. 2 [right], we overlay the constraints 
of εK , ε′/ε, as well as KL → π0νν contours, in Fig. 3 [right]. 
Again, KL → π0νν cannot get enhanced in ﬁrst two quadrants. 
For the blue-shaded “chimney” in 4th quadrant, as the R6 value rises, KL → π0νν could get enhanced even up to GN bound, but 
Bs → μμ would become relatively suppressed, and there is some 
tension with SD contribution to KL → μμ. Note that B(Bd →
μμ) ∼ SM in this case. Here, having |Vt′s| > |Vt′d| would demand 
|V ∗t′dVt′s|  0.32 × 10−4, hence in favor of larger KL → π0νν .
We have marked a point S2′ in Fig. 1, which has same φdb 
260◦ as S2, but enhances Bd → μμ by a larger rdb ≡ |V ∗t′dVt′b| 
0.00075. The trouble with S2′ is that mBd/mBs ratio becomes 
inconsistent at 2σ level, which we do not consider as viable. How-
ever, from S2 towards S2′ , one could enhance Bd → μμ while 
KL → π0νν is more easily enhanced up to GN bound. The cost 
would be some tension in mBd/mBs .
In all these discussions, φs is well within range of the 3 fb
−1
result of LHCb, Eq. (10).
4. Discussion and conclusion
We are interested in the correlation between Bd → μ+μ− and 
KL → π0νν¯ in 4G, as constrained by Bs → μμ and φs . Scenario 
S1 illustrates enhanced Bd → μ+μ− with generic V ∗t′dVt′b . Every 
measurement other than Bd → μ+μ− would be close to SM ex-
pectation, and a mild enhancement of KL → π0νν is possible. But 
it would take some while for KOTO to reach this sensitivity. Larger 
KL → π0νν correlates with smaller Bs → μ+μ− , as well as larger 
hadronic parameter R6. The φs constraint basically suppresses the 
phase of V ∗t′sVt′b .
It could happen that Bd → μ+μ− ends up SM-like, which is 
illustrated by Scenario S2. In the 4G framework that accounts 
(within 1σ ) for the sin2β/φ1 “anomaly”, this occurs when φdb ≡
arg(V ∗t′dVt′b) phase is near maximal, which is of interest for en-
hancing KL → π0νν , a purely CPV process. We ﬁnd that KL →
π0νν can be enhanced up to practically the GN bound at the cost 
of large R6, while staying within the φs constraint. There is the 
same correlation of larger KL → π0νν for smaller Bs → μ+μ− . 
While the S2′ point would push mBd/mBs beyond 2σ toler-
ance, some |V ∗t′dVt′b| ≡ rdb value below 0.00075 could still enhance 
Bd → μ+μ− a bit from SM, but KL → π0νν can more easily satu-
rate the Grossman–Nir bound, with implication that K+ → π+νν¯
is towards the large side allowed by E949, Bs → μμ is visibly sup-
pressed, while R6 must be sizable. This would clearly be a bonanza 
situation for faster discovery!
We have used 4G for illustration [28], since it supplies Vt′s and 
Vt′d that affect b → s and b → d transitions, and induces correla-
tions with s → d transitions. It is generally viewed that the fourth 
generation is ruled out by the SM-like Higgs boson production 
462 W.-S. Hou et al. / Physics Letters B 751 (2015) 458–463Fig. 3. Scenario S2, rdb eiφdb = 0.00045 ei 260◦ (SM-like Bd → μ+μ−): [Left] Similar to Fig. 2a, where for the 4th quadrant of interest, the 2σ dashed line is for Bs → μ+μ−
and solid is for KL → μ+μ− (plus a bit from K+ → π+νν¯); [Right] Similar to Fig. 2b, with εK (blue-shaded) ε′/ε (green bands) and KL → π0νν¯ (red labeled contours) 
overlaid. (For interpretation of the references to color in this ﬁgure, the reader is referred to the web version of this article.)cross section. But we have argued [26] that the Higgs boson does 
not enter the low energy processes discussed here, hence these 
processes are independent ﬂavor checks. Furthermore, loopholes 
exist for the SM-Higgs interpretation [25].
If one does not accept 4G, we stress that Bd → μ+μ− may well 
turn out have enhanced rate. Whatever new ﬂavor physics one re-
sorts to, there is the myriad of constraints of Section 2. We believe 
no model can survive intact and “without blemish” [54]. Thus, the 
modes Bd, s → μ+μ− , φs and KL → π0νν provide “pressure test-
s” to our understanding of ﬂavor and CP violation, where genuine 
surprises may emerge. Though differences must exist, we believe 
there would be correlations between the above four modes in any 
New Physics model with a limited set of new parameters. The 
NA62 experiment has started [23] running. If K+ → π+νν turns 
out to be above the 90% CL limit from E949. the GN bound for 
KL → π0νν moves up, making things more interesting for KOTO, 
where the aim [22] for the 2015 run is to reach the GN bound 
around 1.4 × 10−9.
In conclusion, enhanced B0d → μ+μ− could correlate with en-
hanced KL → π0νν¯ up to the Grossman–Nir bound in the 4th 
generation model. B0s → μ+μ− becomes somewhat suppressed, 
with CPV phase φs  0. Together with K+ → π+νν¯ , these mea-
surements would provide “pressure tests” to our understanding of 
ﬂavor and CP violation for any New Physics model. They should be 
followed earnestly in parallel to the scrutiny of the nature of the 
125 GeV boson at LHC Run 2.
Note added
During the revision, the long-waited result of B(1/2)6 ap-
peared [55], extracted from a new lattice calculation carried out 
by RBC-UKQCD Collaboration [56], which indicates a small R6.
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